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3,103,631
RECEIV ING SYSTEM IN A SUPERHETERODYNE
RADIO RECEIVER =
Suekichi Ito, 12 Oaza Shimokizaki, Urawa-ghi, Saitamas-
ken, Japan; Tomio Takamura, 894-3 Kamiheya, Hoya-
machi, Kitatama-gun, Tokyo-to, Japan; and Kazuhiko
Sodo, 372-3 Mitaka-shi, Tokyo-te, Japan
Filed Mar. 6, 1961 Ser. No. 93,568
1 Claim. (Cl. 325—439) :

This invention relates to superhetercdyne type radio
receivers, and more particularly it relates to a new re-
ceiving system utilizing, together, crystal oscillation and
self-oscillation  for local oscillation in a superheterodyne
type radio receiver.’

It is an object of the invention to prowde a recelvmg ’

system: ‘wherein, in the case of receiving broadcasts and
‘other communication signals by means of a superhetero-
dyne- receiver, by insertmg a crystal oscillator of pre-
determined frequency in a local oscillation circuit, it is
p0551b1e to adjust easily and, at the same time, to re-
ceive stably a special radio wave, and it is possible also to
receive other frequencies by self-oscillation in the same
manner as in the ordinary case.

It is another object of the invention to provide a novel
crystal oscillator composed of two or more erystals, which
is capable of producing two or more crystal oscillations,
and which is suitable for such uses as that in the receiving
system: ax:cordmg to the invention.

The manner in which the foregoing as well as other
objects and advantages of the present invention, as will
become apparent presently, may best be achieved will be
understood more fully from a consideration of the fol-
lowing description, taken in conjutction with the accom-
panying illustrations in ‘which the same and equivalent
parts are desighated by the same reference letters or nu-
merals, and in which:

FIG. 1 is a circuit diagram of a converter of an ordi-
nary two-band superheterodyne receiver;

FIGS. 2 to 6 are circuit diagrams showing different
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local oscillator circuits of a superheterodyne receiver ac- -

cording to the present invention;

FIGS 7 to 9 are circuit diagrams showing different
local oscillator circuits of a transistor type superhetero-
dyne receiver according to the -present: invention;

FIG. 10 is a circuit diagram wherein a crystal oscillator
is connected in parallel to the local:oscillator coil of a
so-called “NSB” tuner, ie., a device capable of receiv-
ing short waves by the addition of components for in-
termediate wave use;

FIG. 11 is a plan view showing one representative
embodiment of a crystal oscillator with three crystal
pieces inserted in one holder;

FIG. 12 is a sectioned wiew along the lines 12—12 of
FIG. 11;

FIGS. 13 through 15 are connection diagrams of three
crystal pieces in the oscillator iflustrated in FIGS. 11
and 12, and show, respectively, the cases wherein three
crystal pieces are connected in series, in parallel, and one
crystal is connected in series to a pacral‘el connection .con-
sisting of two crystals; and

FIG. 16 is a connection diagram of fout crystal pieces
‘of another embodiment of this application.

The ordinary two-band superheterodyne receiver of
FIG. 1 comprises a frequency converting vacuum tube
V31, a high frequency tuning condenser C;, a local oscil-
lator variable condenser C,, said condensers C; and C,
being ganged, semi-fixed trimer-condensers Cs;, C, Cs
and Cq, a semi-fixed padding condenser C; for inter-
mediate frequency band local oscillator, a semi-fixed
padding condenser Cg for short wave band local oscilla-
tion, a grid condenser Cy for local -oscillation, a high fre-
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quency tuning coil L; for intermediate frequency wave
band, a high frequency tuning coil Ly for short wave
band, a local oscillator coil L for intermediate -fre-
quency band, a local oscillator coil L, for. short wave
band, a grid resistance R; for local oscillation, an inter-
mediate frequency transformer Ty, and band changing
switches S;—S, which are also ganged.

In the local oscillator circuits shown in FIGS. 2 to 6
which are to be used in the superheterodyne receiver of
this: invention, the same members as those of the circuit
of FIG. 1 are designated by the same reference char-
acters except the vacuum tube Vj for the local oscilla-
tion and the crystal oscillator X. In the circuit of FIG.
2, the crystal oscillator X is connected in series to the-
oscillator .grid condenser Cg; in the circuit of FIG. 3, the
crystal oscillator X is used instead of the oscillator grid
condenser Cy; in the circuit of FIG. 4, the crystal oscil-
lator X is connected between the oscillator grid and
ground; in the ¢ircuit of FIG. 5, the crystal oscillator
X is connected in parallel to the oscillator variable con-
denser; and in the circuit of FIG. 6, the crystal osciflator
X is connected between the cathode of the oscillator vac-
uum tube Vs, and ground.

In the local' oscillator circuits shown in FIGS. 7, §,
and 9 which are to be used in the transistor type super-
heterodyne receiver according to the present invention,
the reference characters TRy, X Ly, Co, Cs, Cyg and Ls
designate, respectively, -a local oscillator transistor, 2
crystal oscillator, a local oscillation coil, a variable con-
denser for local oscillation, semi-fixed padding condenser
for local oscillation, a feed-back condenser, and an os-
cillator coupling coil.

In the circuit of FIG. 7, the crystal oscillator X is
connected in the feed-back circuit of the local oscillator
circuit; in the circuit of FIG. 8, the crystal. oscillator
is connected to the feed-back circuit of the base feed-
back type local oscillator circuit; and in the circuit of
FIG. 9, the crystal oscillator X is connected in | pwarallel
in the local oscillator condenser Cs.

The circuit of FIG. 10, in which the crystal oscillator
X is connected in parallel to the local oscillator coil of
the NSB tuner, comprises a high frequency tuning coil L,
a local oscillation coil Ly, and intermediate freqwency—
short wave changing switches S; and Ss which are in
ganged state.

In the circuits of FIGS. 11 to 16, the crystal pieces
are designated by numerals 1, 2, 3, and 4; electrode plates
are designated by numerals 5, 6, 7 and 8; and electrodes
and holder are designated, respectively, by 9 and 10,
and 11.

In a two-band, superheterodyne receiver of ordinary
type for broadcast reception, the adjustment of the
variable condenser for recepiion in the shortwave band
(high-frequency band) is extremely difficult, even a slight
detuning being sufficient to prevent reception of the in-
tended radio wave. Moreover, even if appropriate ad-
justment is- attained when the use of the receiver is
initially begun, the frequency of the local oscillation
varies with time because of the variation of temperature
within the receiver; consequently, detuning resuits, and
it becomes impossible to receive. the desired radio wave.

The above-described disadvantage can be eliminated,
and stable reception obtained by the: system of the pres-
ent. invention. ~ For example, in the case of receiving a
radio wave of 3,925 ke, if the infermediate frequency of
the receiver is made to be 455 kc., a crystal oscillator
X of 3,925 kc.4+455ke.=4,380 ke., frequency is inserted
as indicated in FIGS. 2 through 9, inclusively, in one of
the positions ‘indicated as A, B, and C in FIG. 1, and
the receiver is thus adjusted, the crystal oscillator will
oscillate at its natural frequency when the natural fre-
quency of the L,CyCq circuit of FIG. 1 approaches 4,380
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ke:, and: it will be possible to receive; easily, a radio wave
of:3,925 kc.

In this case, even if the capacitance of the condenser
is varied slightly; the frequency of the crystal oscillation
will undergo almost no change.
ceiving condition is extremely stable, and even when-the
temperature ‘within ‘the receiver: or the voltage of the

+ power source varies after a long period of reception, al-
most no detuning oceurs. -

Furthermore, while the conventional receiver of ordi-
nary type-often has the disadvantage ‘of radio interference
by waves of frequencies. in the proximity of the desired
frequency because of poor: adjustment, . the system of
the  present invention maintains the  receiver constantly

in the optimum adjustment condition for reception with

an ordinary receiver; and, accordingly; the ‘degree of radio
interference by ‘proximate waves. is extremely low.

It'is common practice in. the reception of shorfwaves
to use radio-waves of two or more: frequencies: because
of the nature of shortwave propagation and-to receive by
selecting the frequency which is most suitable depending
on the time -and season.
- two or more- crystal- oscillators which have . frequencies
which: are equal to the reception frequency plus or minus
the intermediate frequency. (455 kc.). are connected- in
paralle]l ‘or in series and inserted:in the ahoveidescribed
circuit, the respective crystal oscillators will oscillate
whenever the natural frequency of the LiC;Cy of the local
oscillator’ of ‘the receiver is caused-by the tuning. of the
receiver ‘to approach the oscillation frequencies. of these
crystal_oscillators, whereby it will be possible to receive
well a radio. wave of a certain predetermined- frequency.

Accordingly,  the re-

In such a -case, therefore; if
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Since, ‘in. this- case it is possible to. receive the ‘desired.

radio wave.well and in a stable manner over an extrermie-
Iy wide ‘range -of rotational angle of the tuning dial as
compared to-the case of ordinary feception, if the systent’
is utilized for reception in the high-frequency: band, ad-
justment will be extremely easy. :

. ‘When the system of the ‘present invention is to be used

to receive radio waves of frequenciés other: than the orig-

inally intended frequency with the crystal oscillator still
inserted, .reception is.possible in this condition through
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self-oscillation. - Accordingly, when the system is applied:

to an all-wave receiver, excellent ‘performance is ob-
tained.

Furthermore, when' the system of the invention. is ap-
plied to a five-tube superheterodyne receiver (medium
wave) and used simply for an NSB tuner which. becomes
a two-band receiver, if the above-mentioned crystal os-
<cillator -is inserted in parallel with an oscillation coil as
indicated in FIG. 10, it will be possible to receive short-
waves stably and easily in-thé same manner. as described
above.

Since, especially in the case of portable radios, the tun-
ing dials are small; adjustment by means of a conven-
tional - system depending solely on self-oscillation is. ex-
tremely difficult, but this difficulty can be eliminated by
using the system ‘of the present invention in same manner
as described above.

In FIGS. 2 through 10, inclusively, the crystal oscil-
lator X -inserted at various circuit’ positions have been

45

50

55

60

diagrammatically - represented as being composed of a -

single crystal, but such representation has been merely
for the purpose of illustration and is not intended to Limit
the number of crystals to be used.  That is, two or more

-crystals may be ‘connected and used as illustrated. in
FIGS. 11 through 16, inclusively. .

- FIGS. 11 and 12 show cne examiple of 2 specific con-

struction of ome example of embodiment of the crystal -

oscillator according. to' the invention, wherein three crys-
tals 1,2 and 3 are inserted in a quartz crystal holder of
the FT 243 ‘type. The crystals 1, 2 and 3, which have
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different” frequencies, -are: installed in laminate arrange-
ment, and the combination can be used similarly as an
ordinary crystal: oscillator: - “When ‘the internal eleciro-
static capacity of the crystal oscillator is to be decreased

“or increased -because of such.considerations as:the posi-

tion-in the- oscillation. circuit where the crystal oscillator
is to be-inserted, two or.more crystals can be connected: .
insuch -arrangements as series connection, parallel’con-
nection, - or -series-parallel’ connection ‘as indicated -dia-;
grammatically in FIGS: 13 through 16; irclusively. o
In such:cases wherein two or more crystal oscillations
of différent frequencies are required, -as in an’ oscillator
for. calibration “of frequency. of a “standard signal gen-
erator or; in the.afore-described receiving system ‘as ap-
plied to a superheterodyne receiver; the use of the crystal

-oscillator of the present-invention as described  above

makes it ‘possible to ‘obtain-oscillation at one required
frequency selected at will from among:two or more. fre-
quencies by merely: moving a variable condetiser of the
tuning circuit of the oscillator. : )

‘In the-above case,-conventional ¢rystal-oscillators can-
not ‘be ‘used -unless: the ‘said ‘crystal’ oscillators. are -in-
terchanged; or are changed over by means of a switch;
whereas; with- the: crystal oscillator of-the present inven-
tion, such’ inconvenience is eliminated. Accordingly, the
crystal oscillator. of the present invention’ has the- advan-

" tage of convenience; économy, and small space require-

ment. - . sl : S

Since it is-obvious that chariges- and modifications can.:-
be made.in the above described details without departing -
from: the nature and" spirit- of the invention,: it is. to be.
understood -that the ‘invention is not. to be limited to the'
details “described - herein except as: set forth" in-the ‘ap-
pended claim. . B :

We “clain: : :

In a superheterodyne;  intermediate frequency: type; -
radio receiving circuit, including: a variable ‘condenser -
tuning stage, a frequency convertor stage having a local
oscillator; which .circuit alsoinclides crystal oscillatots;
the: number of which correspond to'a particular -number
of ‘received waves; the imiprovement  therein comprising:
having said ‘crystal oscillators include a holder; at least

- two-erystals-having different: oscillation natural frequen-:

cies, ‘laminated and held by said holder, :said crystals

‘being electrically connected by the use of two electrode

plates; said crystal oscillators being connected to said local
oscillator, the . natural oscillation frequency of ‘each of
said crystal oscillators being made to differ from the fre-
quency of its pasticular received wave by said intermedi-
ate frequency, said local oscillator stage having a variable
condenser including a movable condenser part coupled to
the corresponding part of the variable condenser of the
tuning stage so that ‘said ‘local oscillator variable con-
denser is adjusted by the tuning of said tuning stage mak-
ing the resomant frequency .of said local oscillator sub-
stantially coincide ‘with the natural oscillation frequency -
of ‘one of said crystal oscillators, thus enabling stable.re-
ception. of a-selected particular received ‘wave, said local
oscillator moreover acting. as a self-oscillation - circuit
when: radio waves other than said particular number
waves ‘are received so as:to provide ordinary reception,
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